Abstract. Glutamyltransferase and glutamine synthetase activities show widely varying ratios in different rat tissues and can be almost completely separated by sequential extraction of liver or brain with water and desoxycholate solution. The current practice of referring to both activities as "glutamine synthetase" seems unjustified.
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Reaction 2) L-glutamate + NHgOH + ATP - §-x 7-glutaraylhydroxamic acid
Reaction 3) L-glutamine + NHoOH ^ 7-glutamylhydroxamic Mn++, arsenate acid + WH 3 According to Meister (2, 3) preparations of glutamine synthetase from sheep brain or rat liver also catalyze Reaction 3; the enzyme-bound glutamyl residue is postulated to be the active complex in both reactions (k) .
Therefore, in recent years, measurements of 7-glutamylhydroxymate formation from glutamine have been reported as "glutamine synthetase activity", and for tissues other than sheep brain or rat liver (5 Both activities (expressed as'units (^moles product/minute at 37°C) per g tissue) were now determined in each preparation of a series of normal and neoplastic rat tissues. Both assay conditions were designed to reveal maximal activity, proportional to the amount of enzyme. The assay system for glutamyltransferase was like that of except that for the maximal activity, the Mn++ concentration was increased five times. Glutamine synthetase activity was assayed by the procedure of Wu (l) , modified to contain an. ATP-generating system (8) but with a diminished (7 mM) concentration of ATP. Both glutamyltransferase and glutamine synthetase activities were measured by trapping the glutamyl residue (2) as the 7-glutamylhydroxamate and detecting its amounts colorimetrically with FeCl, as described by Pamiljans et al. (9) . The glutamyltransferase reaction was specific for L-glutamine as Meister found (2). Either D-or L-glutamate could serve as substrate for glutamine synthetase (Reaction 2).
The absolute units of glutamyltransferase and glutamine synthetase activity per g tissue were not expected to agree but, if the same protein were responsible for both reactions, the ratios of the two activities should be constant in the different tissues. As seen in Table 1 , this is not so.
At one extreme, retina exhibited much higher glutamyltransferase activity than any other tissue but a glutamine synthetase activity close to the median;
at the other extreme, muscle had very low glutamyltransferase activity coexisting with high glutamine synthetase activity. Heart, thymus, placenta,-Herzfeld -5-fetal and some neoplastic tissues had little glutamyltransferase and variable amounts of glutamine synthetase which gave rise to varying ratios. It is of interest to compare two variants of the same normal tissue. Livers of male and female animals had similar glutamine synthetase activities but the glutamyltransferase activity of the same organ from females was only half as much. A similar disparity is evident when comparing the two enzyme activities in kidneys of males and females.
The effects of inhibitors also distinguished between the glutamine synthetase and glutamyltransferase activities. Table 2 shows that phosphate inhibited glutamyltransferase, whereas glutamine synthetase activity was unaffected. L-methionine sulfoximine inhibited the glutamine synthetase reaction partially, but the glutamyltransferase activity totally.
The two activities could be physically separated in brain and liver.
After centrifugation of homogenates in 0.25 M sucrose, the supernatant fraction contained about one third of the total glutamine synthetase activity and virtually no glutamyltransferase activity. A more complete separation (Table 3 ) depends upon the readier solubility of the glutamine synthetase in water homogenates. Homogenization in water solubilized at least two thirds of the glutamine synthetase activity from liver or brain while almost all of the glutamyltransferase activity remained particle bound. Desoxycholate (0.1-0.5 percent) solubilized most of this glutamyltransferase activity; it therefore became possible to obtain both activities in separate soluble fractions. Thus, in liver preparations, glutamyltransferase/ glutamine synthetase ratios changed from 50 in the whole homogenate to 9 in the water extract and to 258 in the desoxycholate extract, demonstrating clearly that the two activities are not inextricably associated:
both activities cannot be catalyzed exclusively by the same protein. Table 1 . The distribution of glutamine synthetase and glutamyltransferase activities in homogenates of normal and neoplastic rat tissues. Normal adult (0O-9O days old) and fetal tissues were from inbred NEDH rats. The tumors have been previously described (10) . The values (mean ± SD) are "liver units": the activity (units/g) in each tissue was divided by that of the same enzyme in adult male liver (in square brackets). ;'The adult tissues are listed in decreasing order of glutamyltransferase activity and no preset order of glutamine synthetase activity, v
Normal Adult Tissues
Liver, d (lk)
Retina (6 pools) Spleen (k) Brain (16) Kidney, o* (k)
Skeletal muscle (8) Thymus ( k) Heart (8) Placenta (10) Pancreas ( (5) Mammary tumor 1C (3) Walker (3) 3230AC (5) Muscle rhabdomyosarcoma NSIOU ( Ten percent homogenates of fresh liver or brain from male adult rats in water, after standing for 1 hour at k°C, were centrifuged at 100,000 x g for kO minutes. The pellets were resuspended, to the original volume, in 0.2$ desoxycholate (DOC), left at k°C for 30 minutes and recentrifuged. The activities (means, 3-6 rats) are expressed as percent of that of the whole homogenate, the absolute activities of which (units/g ± SD) are in square brackets. The ratio of glutamyltransferase (GT) to glutamine synthetase (GS) units is 
